
SELECTION OF THE CONDITIONS OF CHROMATOGRAPHIC ANALYSIS 
OF GAS MIXTURES CONTAINING COP, C,Hm, 02, 

H 2 ,  Nz, co, CH4, C 2 H 6  

N. S. Torocheshnikov, V.A.Semenova, and G.A.Gerasimova 

N66 - 184 5 1 
m 
9 ITHRUI 

t 
OL 
E 

IACCESSIO?4 NUMBER) 

/ 2/ (CODE) 
IPAQES) 

< ' 
4 

(NASA CR OR TMX OR AD NUMBER) 

'- 

Translation of "0 vybore usloviy khromatograficheskogo 
anal iza  gazovykh smesey, soderzhashchikh COz, C,H, , 02, 

ZfSurnal Priklpdnoy K h i m j i ,  Vo1.38, No.9, pp.2017-2026, 1965. 
H2, Na, co, cH4, C2HfiII. 

GPO PRICE $- 

CFSTI PRICE(S) $ A 

f f653 July65 

NATIONAL AERONAUTICS AND SPACE AININISTRATION 
WASHINGTON JANUARY 1966 



NASA TT F-9875 

gen and carbon monoxide separated best  i n  columns of 9 m 

SELECTION OF THE CONDITIONS OF CHFiOMTOGRAPHIC ANALYSIS *]zOl'l 
OF GAS M I X m S  CONTAINING COS, C,H,, 0 2 ,  

H2, N?, COS CH4, C2He 

N.S.Torocheshnikov, V.A.Semenova, and G.A.Gerasimova 

t $433 
A gas chromatographic apparatus, based on the  principle of ad- 

\ 

sorbing a gas mixture on activated charcoal i n  the c o l m  and 

developing it in a carbon-dioxide stream, i s  described in d e  

tai l  with schematic diagram and discussion of physical bases. 

Tabulated data f o r  various gas mixtures (Ha,  N2,  CH4, etc.) 

ca r r i e r  gas are calculated for maximum separation in minimum 

time. 
._I 

,------ , 

Recently many p lan ts  and research laborator ies  have been successfully using 

chromatographic analyses of mixtures containing Hs, No, CO, CH4 and other gases. 

It i s  known from literature sources (Bibl.1 - 3 )  that the efficiency of 

chromatographic analysis  depends on the length and type of the adsorption layer 

(lelgth cf the zbzc.tc,-raphic cc>m*), ZT? the nst.2re 2.26 sine cf the adsx?hezt 

grains, on the temperature and velocity of the car r ie r ,  on t h e  volume of the gas 

sample, and on other analytical conditions. 

%- Numbers in the  margin indicate  pagination i n  the or ig ina l  foreign text. 
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To e l i c i t  the e f fec t  of various fac tors  on the efficiency of chromato- 

graphic analysis of a mixture of Ha, N2, CO, CH4, and other components developed 

by carbon dioxide, we carried out a number of corresponding investigations. The 

experiments were made with the apparatus shown in Fig.1. We used the  following 

method: ac id ic  gases (COS, SOz, Has, and others),  unsaturated hydrocarbons, and 

oxygen w e r e  determined in accordance with the  All-Union State  Standard, just as 

on the  V T I  apparatus. 

termined by chromatographic analysis in t h e  following manner: 

sorption analysis the chromatographic part of the  apparatus was f i l l e d  with car- 

bon dioxide and checked f o r  airt ightness;  the carbon dioxide flow rate, used in 

the  analysis,  was then established. 

Hydrogen, nitrogen, carbon monoxide, and methane were de- 

During the  ab- 

I 

A t  t h e  end of the  absorption analysis ( a f t e r  determining the  oxygen), a 

I 
I 

sample was selected f o r  chromatographic analysis. Before sampling, the s t o p  

cocks on the absorption vessels 1-4 are set t o  connect the buret 5 with the cali- 

brated stopcock 6 ,  and the  equalizing flask 7 is set in  the upper r ing  80 

meniscus of a l k a l i  i s  established a t  the  top 9 of the measuring part of the /20B 

buret. 

column i s  stopped by discharging it into the atmosphere through the stopcock 10. 

To prevent t he  alkali from being sucked i n to  the Chromatographic column, the 

stopcock U i s  set i n  a neut ra l  position so that, when turning it, the  column 

does not c o d c a t e  with the  atmosphere. 

municate with the atmosphere and about 20 m l  of gas, left in t he  buret 5 after 

I A 

During sampling, t he  supply of carbon dioxide t o  t h e  chromatographic 

Then, the stopcock 6 i s  turned t o  com- 

tine absoryi ion ~I&q-sis, is a~~~~~~ t o  ~ Z S G  t k ~ ~ g h  it, PTt - t_p~  t .hig,  t.ha strip- 

cock 6 i s  again turned t o  communicate with the chromatographic column. 

manner, the  c o i l  of the stopcock 6 i s  f i l l e d  with the test  gas, Le., a gas 

saxnple is taken f o r  chromatographic analysis. 

In  this 

After sampling, the  stopcock ll 
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i s  turned t o  connect t he  chromatographic column with the  buret  9 and, by a cor- 

responding turn of the  stopcock 10, the flow of carbon dioxide i s  again directed 

in to  the  chromatographic column. 

stopwatch i s  started and this instant is considered the start of analysis. 

When gas bubbles appear i n  the  buret 9, a 

Fig.1 Schematic Diagram of Chromatograph 
1-4) Absorption vessel;  5) Buret for measuring gas volume; 6) F o u ~ w a y  
stopcock f o r  intake of sample; 7) EQualizing flask t o  buret 5 ;  8 )  Metal 
r ings  with groove and rubber gasket f o r  equalizing f l a sk ;  9) Measuring- 
absorption buret;  10, 11, 24, 27-32) Crescent-shaped three-way s t o p  
cock; 12) Wooden frame f o r  attaching pa r t s  of instrument and f o r  use as 
casing when transporting and storing the instrument; 13) Metal supports 
f o r  i n s t a l l i ng  absorption vessels; l4) Metal support f o r  i n s t a u l n g  
buret ;  15) Glass cylinder for equalizing and s tab i l iz ing  the  tempera- 
ture of the  buret;  16) Stopper for closing the free cap i l l a r i e s  of the  
stopcock branches; 17) Forked T-piece with two d i rec t  stopcocks t o  
buret  5 ;  18, 19) Calcium chloride tubes; 20) Absorption c o h ,  4.5 m 
long and 4.5 - 5 mm in diameter; 21) Flow meter; 22) Equalizing f lask  
t o  measuring-absorption buret ; 23) I so la t ing  branched tube connected 
with hydraulic gate or with rubber bag; 25) Safety pipe with spherical 

sion; 26) s t r i p  fo r  attaching stopcocks; 23, 24) Rubber tubes; 35, 
f o r  attaching buret and flow meter. 

The principle of the analysis  consists i n  feeding the  gas mixture t o  the  

chromatographic column with activated charcoal and developing it by a stream of 

carbon dioxide. 
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As a re su l t  of continuous adsorption and desorption, the components of the 

gas mixture are separated on passing through the  column, so that between the  

separation of individual components there are time in te rva ls  in which only the 

developer i s  separated. 

The gas stream from the chromatographic column (during analysis)  enters  the  

measurinpabsorption buret 9 which contains a solution of a lkal i .  Here, 

the carbon dioxide i s  absorbed and the  components being determined are collected 

in turn  in the  buret 9 where their  volumes are measured. 

we recorded the  level of the alkali  in the buret 9 and the  time corresponding t o  

it a t  the  start of the analysis  and a t  the  end of separation of each component. 

Furthermore, t o  calculate t h e  time interval  between separation of the components, 

we recorded the  time of the start of separation of each component i n  certain 

analyses. 

ately. 

oxide, which i s  discharged into the atmosphere through the stopcock ll. 

L2019 

During the  analysis, 

After completing the analysis, t he  next analysis can begin immedi- 

Between analyses the  chromatograph i s  continuously blown with carbon di- 

The percentage of the componentswas calculated by the following formula: 

where v, , vI are the  gas volumes in the  measuring-absorption buret corresponding 

t o  the  end and start of separation of t he  component under consideration, reduced 

to a tmspher ic  pressure (m9); K is the tlblankn* (mp/min); C is t he  residue of 

the  gas sample after absorption analysis ($1; w i s  the  volume of t he  gas sample 

taken f o r  c*hromatogidpIllc '-2- QUQ; --- --<e a.Lu ( m f i l  , m l m i l a t . e d  ------- by t h e  f o m h  

* r lBlsnklI  - the  magnitude characterizing the quantity of admixtures separated 
f r o m  carbon dioxide per minute in one milliliter. 
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where V,, Vo are the  gas volumes a t  the end and s t a r t  of analysis reduced t o  at- 

mspheric  pressure (d); hot is the  duration of chromatographic analysis equal 

t o  the  end of separation of the  last component (min). In conducting the analy- 

sis, it i s  necessary t o  take into account t he  following: 

1 )  The start of the  analysis is taken as the  start of separation of hydro- 

The time and reading of the  buret a t  the  end of sepa- gen, in t he  calculation. 

r a t ion  of the preceding component, corresponding t o  this time, i s  taken as the  

start of separation of subsequent components, 

2) I n  the calculation, f o r  the end of separation of a component we can take 

t h e  readings of t h e  buret and the  corresponding time not s t r i c t l y  a t  the  end of 

separation of the component, but a t  any subsequent ins tan t  before the start of 

separation of the  next component ( to  simplify the  calculation, it is  convenient 

t o  take whole minutes), i.e., as long a s  the  change in  level i n  the buret 9 cor- 

responds to  the llblankll. 

To avoid e r rors  i n  determining t h e  end of separation of the components, two 

t o  three readings of t he  buret a re  taken every 10 - 20 sec a t  t h i s  time. 

a l l  p rac t i ca l  purposes there w i l l  be no change i n  level in the  buret within 10 - 
20 sec, since the rlblankll has an order of change i n  l e v e l  of 0.01 d,/min. 

3 )  The buret readings substituted in to  the  calculation formula should be 

For 

reduced t o  atmospheric pressure, 

4) The connecting tubes i n  the chromatographic part of the apparatus should 

be capi l la ry  tubes. Wide connecting tubes cannot be used since the  accuracy of 

ana iys i s  i s  reduced, ci-hg tz S E c s i c ~  mixing. 

5) The efficiency of the analysis i s  affected by the resistance of the  

columns, connecting tubes, and stopcocks. 

be the  same, since the  duration of analysis changes wi th  a change of resistance. 

This resistance in a l l  analyses should 

5 



. 

The constancy of resistance i s  controlled in the  foUDwing manner: upon switch- 

h g  the gas stream, by means of the stopcock 10, from the  atmosphere to  the 

chromatographic column, the reading of the  flow meter (resis tance)  should change 

by a similar value (by not more than 20 mm bo ) .  
In  working out the method of chromatographic analysis of a mixture of /x>X, 

Hs,  N2, CO, CH4, we made a preliminary series of investigations on a s p i r a l  

column of length t = 1.5 m and diameter d = 8 mm, f i l l e d  a l te rna te ly  with dif- 

fe ren t  grades of activated carbon (AG2, AG3, SKT, KAD) of different  grain 

size,  which were subjected t o  various heat treatments. Since good r e s u l t s  were 

obtained when working with act ivated carbon AG-2, roasted f o r  15 min a t  a t e m p  

erature of about 600°, with a grain size of 0.5 - 1 mm, most investigations de- 

voted t o  a study of the  effect  of different fac tors  on chromatographic analysis 

were performed on columns f i l l e d  w i t h  this type of activated carbon. 

In our investigations we studied the  e f fec t  of:  1) length and shape of 

column, 2) flow rate of developer, 3)  volume of sample. 

E f e c t  of length and shape of column on chromatographic analysis of Ha, N2, 

CO, and CH4. It i s  known from the literature (Bibl.4) that, with the  same quan- 

t i t y  of adsorbent, the  separation of components improves with an increase in the  

length of the  layer. Therefore when perfecting t h e  method t o  improve the  sep- 

ra t ion  of H2 and N2 in  t h e  mixture of Hz, Nz and CH4, the  analyses were carried 

out with approximately t h e  same quantity of carbon (about 25 gm) in U-shaped 

columns (.C = 1 m, d = 10 mm) and i n  sp i r a l  columns (q, = 1.5 m, d = 8 mm; .S. = 

= 2 m, ci = 7 m; ?, = 3.5 n, Z - 5.5 zz; I ,  = 4-5 mi d = L.5 mm). 

Most analyses were made on mixtures of high hydrogen concentration. 

I n  performing mass analyses by using the  f irst  variants of the  method 

(Bibl.5 - 8 )  i t  was found that Nz and CH4 are sa t i s f ac to r i ly  separated no matter 

6 
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w h a t  t h e i r  concentration in the gas mixture, whereas hydrogen and nitrogen in 

cer ta in  analyses a t  high hydrogen concentrations e i ther  do not separate a t  a l l  

or, if they do separate, t h e  time in te rva ls  between the  separation of components 

are extremely short, which in te r fe res  with t h e  buret readings a t  the end of hy- 

drogen separation, In  our experiments, we attempted t o  define the optimum con- 

d i t ions  f o r  sat isfactory separation of nitrogen and hydrogen a t  high concentra- 

tion. 

The r e s u l t s  of t h e  analyses (average of 3 - 4 analyses) i n  columns of vari- 

ous length, f o r  a sample volume of about 4 ml, at  a carbon dioxide delivery rate 

of about 20 d ,  are shown in Table 1, 

In each analysis  we determined: the  time interval between separation of 

two adjacent components h (time between t h e  end of separation of the preceding 

component t, , and the  start of separation of the subsequent component t, ), width 

of the  bands E t  = c1 (duration of discharge of the components f r o m  the chromato- 

graphic column), total duration of analysis t t o t ,  and percentage of components. 

It i s  apparent f r o m  the data of Table 1 that separation in columns of dif- 

fe ren t  lengths, a t  t he  same quantity of adsorbent, i s  d i f fe ren t  even f o r  gas 

mixtures close i n  percentage composition, 

Efficiency of separation increases with an increase in column length: 

columns of 1 m, 1.5 m, and 2 m i n  length, the  time intervals between separation 

of hydrogen and nitrogen ( a t  t h e i r  high percentage content) are small o r  absent 

altogether.  

since it is &'ficui.t t o  note tile en4 cf h$rogc s e p z r ~ t i x ~  

obtained with columns of 3.5 and 4.5 m length. 

r a t ion  of hydrogen and nitrogen in these columnsweremore than 30 sec. 

With 

An analysis with a 4-m.t, sample cannot be performed on these columns 

C h r l  re.mlts were 

The time in te rva ls  between sepa- 

Our studies involved hundreds of analyses of gas mixtures of H2, N2, and 



CH4 with different  concentrations, using columns of about 4 m length and 4.5 - 
5 mm diameter. The discrepancies in these analyses did not exceed 0.2 absg. 

We were able t o  work with the  same adsorbent f o r  severa lmnths ,  without 

regeneration. 

TABU 1 

RESULTS OF INVESTIGATING THE CWMATOGRAPHIC SEPARATION OF 
GAS MIXTURES OF Hz,  Ng, AND CH, IN COLUMNS OF D I F " T  

LENGTH, WITH THE SAME QUANTITY OF ADSORl3ENT 

I 

1.5 

2 

2 

3.5 

3.5 

4.5 

4.5 

P 

i r i n  20sec 
I-llandNl 

) n i n  (tosee 

3 m i n  
> .  i r t n  1Oscc 
j n i n  10sec 
l n i n  50sec 
2 m i n  Wsec 

'tmin 20sec 
2 n i n  40sec 
2 r i n  20sec 
4 n i n  4Osce 
2 n i n  30sec 
3r in  ZOsec 

b r i n  

G r i n  
3 n i n  
2 m i n  

b i n  30sec 
2 r i n  ROsec 
3 r i n  M s e c  
S r i n  10 sec 
2 min 30 sec 
3 r i n  20 sec 

h 

Did n o t  
separate  

8 n i n  

O n i n  10sec 
3 n i n  20sec  

0 min 20sec 
4 n i n  

On in  10sec  
3 min 

lmin  
G r i n  

O n i n  3Osec 
4 m i n  

l r i n  30scc 
5 min 3 0 s e c  

O r i n  5 0 s e c  
fimin 

t 
t o t a l  

~~~ 

Lmponcn t 
* a n t e n t  
n - 
33.2 
38.4 

28.4 
33 .0 
08.4 
28.6 
36.1 
37.7 
26.2 
65.0 
33 .O 

2.0 
41.9 
10.9 
47.2 
76.4 
19.3 
4.3 

40.9 
18.1 
32.0 
72.3 
14.8 
12.9 

Using s p i r a l  columns from 4.5 to 15 m i n  length wi th  a diameter of 4.5 mm, 

containing different quantit ies of activated carbon AG2 (depending on the 

column length), we studied the  possibi l l ty  of chromatographic analysis of mix- 

tures containing a rb i t ra ry  concentrations of carbon. monoxide. 

p r ior  t o  this that carbon monoxide and nitrogen (when present in a gas in high 

It was established 
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concentrations) did not separate in columns up to  4.5 m in  length. 

Table 2 shows several chromatographic analyses of mixtures with high con- 

centrations of carbon wnoxide in columns of 4.5, 9, 12, and 15.5 m length. 

results of these analyses demonstrated that nitrogen and carbon monoxide sepa- 

rate suf f ic ien t ly  w e l l  on a column 9 m long. Mass analyses in a 9-m long column 

showed that the  duration of the  analysis, a t  a carbon dioxide delivery rate of 

about 20 mt/min, was 30 to 40 min. 

The 

We then made analyses with U-shaped columns, about 1 m in length. A t  t h i s  

length, the  U-columns are convenient to install  in the  apparatus; i n  addition, 

they are easier t o  fabr ica te  and t o  f i l l  with adsorbent than s p i r a l  columns. 

comparison of the analyses in &shaped and spiral columns showed that 22 - 25 &m 

act ivated carbon AG-2 i s  suff ic ient  f o r  a s p i r a l  column with 4 = 4.5 m and d = 

= 4.5 - 5 m whereas a U-shaped column of l m  length, t o  separate the  components 

(H2, Nz, CH4) j u s t  as effect ively as a s p i r a l  column, must have a diameter of 

about 12 mm and be f i l l e d  with 30 - 35 gm of activated carbon A G 2 .  

A 

Effect of carbon dioxide rate of feed. To define the  effect of t he  rate of 

carbon dioxide feed on the  chromtographic separation of the components, we / 2 0 Z  

performed pa ra l l e l  analyses i n  spiral columns of 4.5 and 9 m length, a t  dif-  

ferent carbon dioxide feed rates, from 10 t o  40 &/min. 

Table 3 gives data  on the  desorption of pure components a t  C02 f l o w  rates 

of 15, 20, and 30 m.t/min. 

columns, it is  mre convenient t o  work with a rate of 20 mt/min. 

s i r a b l e  t o  reduce t h e  analysis the, tine s e p i ; Z t h f i  of h m c g c  224 2Ft..cuc?n 0 --- 

must be performed a t  a carbon dioxide flow rate of 15 - 20 d/min; after separa- 

t i o n  of the  nitrogen, the f l o w  r a t e  of carbon dioxide can be increased t o  about 

60 I&/&. We arr ived a t  this conclusion, based on the  following consideration: 

The experimental results demonstrated that, i n  these 

If it i s  de- 
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A t  carbon dioxide f l o w  rates of more than 30 d,/min, nitrogen and carbon mon- 

oxide are not separated a t  a l l  in  certain mixtures in  columns of 4.5 and 9 m 

length, while high concentrations of nitrogen and hydrogen are difficult ly sepa- 

ra ted in columns of 4.5 m length. A decrease in the  f l o w  rate of carbon dioxLde 

TABLE 2 

EXPEIU”JTAL RESULTS OF THE CHROMATOGRAPHIC SEPARATION 

DI-T LENGTH W I T H  A DIAMETER OF 4.5 mm 
OF GAS MurpuREs OF‘ Ha,  Na, CO, C H 4  IN COLUMNS OF 

-2 - 
Y 

Y 
4 -I 

!= - 
u“ 

I 4,:t 

9.0 

9.0 

12.0 

I 

i f 5.5 

:lrinSOse( 
Om i n  2% e(  

1 6 r i n  
G a i n  

I f i n i n  
32nin  
-fir i n  30sec 
I 4 r i n  

1timin:Khec 
2 4 r i n  

12 r in30se (  

- 
l l (n in5Osc~  

4Hrin50se( 
24nin  

- 
23 min 
3 2 r i n  
ci5nin 

Tine 

- 
b i n 2 0 s e c  

7min50se 48r in5O.s et 

- 

- 
4 r i n  
H min 

I O n i n  

promotes separation of L e  components, .,ut leads t o  an increase in 

- 
” 
e ”  
Y e  c u  
0 ” -  3;: - 

27.0 
15.f) 
5r1.7 

2.3 
27.0 
15.0 
55.7 

2.3 
27.0 
15.0 
55.7 

2.3 

31.5 
24.5 
44.0 

31.5 
24.5 
44.0 

- 

- 

the analysis  

time and t o  such blurring of the  bandwidth of the lowconcentration components 

i n  t h e  gas mixture that it, ’WCWIUUS L’ffc~lt ts 

separation o r  even the  very separation of the components. 

the &art and end of t h e i r  

Based on experiments as t o  the effect  of column length and f l o w  rate of 

carbon dioxide on the  efficiency of the analysis, we worked out two var iants  of 

10 



chromatographic analysis  of gas mixtures with high concentrations of carbon 

monoxide, a t  an analysis time of about 20 min. 

1, Method of analyzing Ha, Nay CO and CH, with a change in the  carbon di- 

oxide flow rate. 

following manner: 

The analysis  was carried out i n  a column of 9 m length, in the 

Before the  end of separation of Nz, t he  components were de- 

3 

RESULTS OF DE33RP'IICON OF PURE COMPONENTS AT DIFFERFarT CARBON 
DIOXIDE FWW RATE IN COLUMNS OF 9 AND 4.5 m m G T H  
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olure of 
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r l / m i n )  

1 .s 
1.4 
1 .G 
2.3 
1.5 
1.5 
1.5 
2.5 
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15 

20 

30 

o l u r n  
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fa, - 
, 9  

9 

9 

4.5 

4.5 

4.5 

7s1Xqe2 at =: srbcn c l i a l d e  f l o w  r a t e  of 20 - 30 m.€/min, af te r  which the flow 

rate of carbon dioxide was increasedto  above 40 m?t/min. When calculating the 

concentrations it is necessary t o  take into account t he  change of t he  tlblankll. 

A t  a CO content of more than 30%, the f l o w  rate of carbon dioxide a t  the  start 



of analysis i s  best  taken as 15 - 20 &/min, in order to have a suf f ic ien t  time 

interval between the  separation of nitrogen and carbon monoxide. Mixtures with 

a CO content less than 15% can be analyzed a t  a rate of about 40 m.C/min during 

the entire analysis. 

2. Analvsis with switchine: o f columns. For an analysis with switching of 

columns in the  chromatograph (Fig.1) it  i s  necessary t o  install, between the  

stopcocks 6 and ll, two instead of one series-connected columns of 4.5 m length 

each, with two addi t ional  stopcocks (37 and 38). 

columns i s  shown in Fig.2. 

The unit f o r  connecting the 

Fig.2 Schematic Diagram of U n i t  
(see Fig.1) 

Before performing the  main analysis, a preliminary analysis i s  carried out  

in one column ( the first, with respect t o  the flow of carbon dioxide) to deter- 

mine t h e  time interval between the end of CO separation and the start of CH, 

separation. 

ly, depending on the  composition of the gas mixture being analyzed. 

mass analyses of mixtures with similar component concentrations, it suffices/2024 

to determine the time of switching t h e  columns (making the  p r e t a r y  analysis) ,  
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The time in t e rva l  between separaiiva of E -5 CH, vKLL slight-  

In making 



once f o r  a series of analyses. 

The main analysis, with determination of high concentrations of CO, i s  per- 

formed in two series-connected columns i n  the following manner: 

A t  t h e  start of analysis, the carbon dioxide stream fed  t o  the  first column 

along t h e  flow path of t h i s  gas, passes through both columns. 

the  middle of the  time in te rva l  between the  end of CO separation and the  start 

Approximately a t  

37 + 40 
20-25 

20+225 

TABU 4 

- 
With s r i t c h i n g  o f  columns 

A f t e r  s e p a r a t i o n  o f  Ng, 
the  f e e d  r a t e  f o r  GO:, w a s  
i n c r c s a d  t o  35 - GO ml/min 

RESULTS OF CHEOMATOGRAPHIC ANALYSES IN TWO U-SHAPED 
COLUMNS OF MIXTURES R I C H  IN CO 

Composition of Mixture (%): Hz, 25 - 45; N2, 10 - 20; 
CO, 40 - 56; CH,, 0.5 - 6.5 

C 0 4 

L 

u" 
+ 
0 

j 
c) - 

AG -2 

I 
I 
I 

I 
62 { 

I 

T i r e  I n t e r v a l  between 
Component S e p a r a t i o n  

(min) 

z 
X 

3.5 
2 - 3  

2.5 

'" - 
0 u 

z 
1- 

0.5 
1 .f 

0.3 

- _ _ ~  

10 
2 + 2.5 

2 

Remarks 

of CH, separation, which i s  determined in the preliminary analysis, the  feed of 

carbon dioxide t o  the first column i s  stopped by closing off this column by 

turning the stopcocks 37 and 38. 

mains i n  t h i s  column while hydrogen, nitrogen, and carbon monoxide f i l l  the 

second column and are developed there. After separation of CO, the  stopcocks 37 

and 38 are turned t o  cut off the flow of carbon dioxide t o  the second, coiumn and 

to feed t o  the  first column, for  developing the methane. 

When the  f irst  column i s  cut of f ,  methane r e  

For i l l u s t r a t ion ,  Table k gives the  r e s u l t s  of analyses performed with the  

method variants described above (data from 5 - 7 analyses). 
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Effect of sample volume. The accuracy of chromatographic analysis in- 

creases with an increase in the sample volume, because of the greater accuracy 

of detection. 

scale divisions of 0,W mJ., the percent of absolute e r ror  w i l l  be calculated by 

This is  apparent from the following mample: In our buret with 

\ 

where v i s  the  volume of the sample, 

The absolute e r ror  ( a t  a 0.01 m! e r ror  in measuring the  volume) calculated 

by t h i s  formula is shown below. 

Volume of sample (I&) . . . 1.5 4 10 50 
Absolute e r ror  (%) , , , . 0.7 0,25 0.10 0.02 

A t  t h e  same time, it should be noted that the efficiency of separating 

components i n  the chromatographic column may deter iorate  with an increase i n  

sample volume. This  circumstance limits t h e  poss ib i l i ty  of increasing the  

sample volume. 

To define the  e f f ec t  of the  sample volume on the efficiency of separating 

Ha, N2, CO, CH4, we determined the s ta r t ing  and end times of discharge of /a25 

these components from the chromatographic column, with carbon dioxide develop  

ment of d i f fe ren t  volumes of pure components and mixtures of these components 

having d i f fe ren t  percentage compositions, Results of these investigations 

showed t h a t  the t o t a l  duration of analysis of a mixture of H2, Ns, CO, CH4 

changes l i t t l e  wi th  an increase in sample volume. However, the width IL of the 

bands of individual components increases with an ir~crezaz Li ~ ~ 1 e  ~cL1s~e axd; 

correspondingly, the time in te rva ls  between the  separation of adjacent compon- 

ents h decrease; with a further increase in sample volume, the  bands of t he  com- 

ponents are superposed and the  components are not separated. 



If, f o r  two components that are adjacent with respect t o  separation, we 

p lo t  on a graph the curve of t, versus the volume f o r  the  component which sepa- 

rates first and the  curve t, versus the volume f o r  a component which separates 

next from the mixture (FigJ), then the point of intersect ion of these curves 

A 
a 

0 GB 2 cr i 

A 

2 4 

Fig.3 Volume of Components Separated from the  Mixture 
as a Function of Time 

A - Time (min);  B - Volume of components (m4,). 
a - Column 4.5 m long: 1) t e  - H2; 2) t, - N2. 
b - Column 9 m long: 1 )  t, - Nz; 2) t, - CO. 
c - Column 4.5 m long: 1 )  t, - CH,; 2) t e  - N2 

w i l l  give the  volume of these components i n  the  sample, a t  which t h e i r  separa- 

t ion  is  possible. The t o t a l  volume i s  equal t o  the doubled value of the abscis- 

S. 

in te rsec t ion  represent the  time (between separation of components) during which 

The segments between the  curves t, and t, t o  the left  of t h e i r  point of 

the  pure gas car r ie r  is separated at  tine VUhc h a c z t e c !  SI? the abscissa. For 

example, a t  a t o t a l  volume of H2 and N2 equal t o  2.8 m?, the time interval be- 

tween t h e  end of separation of H2 and the  start of separation of Nz w i l l  be 

equal t o  about 30 S ~ C .  
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These graphs (Fig.3) are convenient f o r  selecting the opthum conditions 

f o r  making a chromatographic analysis of mixtures of H2, Nz, CO, and CH4 of dif- 

fe ren t  percentage composition, using this apparatus. It follows from the graphs 

that the  content of hydrogen and nitrogen in the  sample, when analyzed in a 

column of 4.5 m length, should not exceed 4 mt. 

centrations of hydrogen and nitrogen in  the analyzed mixture, no more than a 

4-m.t sample should be taken. 

be increased t o  20 mt,. 

t ra t ions,  the analysis must be performed in a column of 9 m length, and the  

sample should not contain CO and Nz in a t o t a l  of more than 3.6 mt,. 

Consequently, a t  higher con- 

A t  high concentrations of methane, the sample can 

In the  case of analyzing mixtures with high CO concen- 

BIBLIOGRAPHY 

1. Zhukhovitskiy, A.A. and Turkelttaub, N.M. : 

khromatografiya) . Gostopisdat, 1962. 

Gas Chromatography (Gaeovaya 

2. Bayer, E.: Gas Chromatograpl?y (KhromatograZiya gazov). Int. Lit., Moscow, 

1961. 

3. Shay, T.: Theoretical Principles of Gas Chromatography (Teoreticheskiye 

osnovy khromatografii gazov). Int. Lit.,  Moscow, 1963. /;zo;?6 
4 .  Turkelttaub, N.M. and Zhukhovitskiy, A.A.: 

5. Torocheshnikov, N.S. and Semenova, V.A. : 

ZL, Vo1.31, No.9, p.1026, 1957. 

Vestn. tekhniko-ekonom. infonn., 

V01.10, p.55, 1960. 

6. Torocheshnilcov, N.S. and Semenova, V.A. : 

7. Kotlik, B.Ye. and Budoli, Z.P.: 

8. Torocheshnikov, N.S. and Semenova, V.A.: 

Zh.Prikl.Khim., Vo1.33, p.597, 1960, 

Koka i kXiiiiyz, ?cl.i?, 7.31, 1962, 

Method of Analyzing Combustible 

Gas Mixtures (Metodika anal isa  goryuchikh gazovgkh smesey). MKhTI im. 

D. I .Mendeleyeva, 196 5 . 
16 


